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PREFACE 
The Road Not Taken 
Two roads diverged in a yellow wood, 
And sorry I could not travel both 
And be one traveler, long I stood 
And looked down one as far as I could 
To where it bent in the undergrowth; 
Then took the other, as just as fair. 
And having perhaps the better claim. 
Because it was grassy and wanted wear; 
Though as for that the passing there 
Had worn them really about the same. 
And both that morning equally lay 
In leaves no step had trodden black. 
Oh, I kept the first for another day! 
Yet knowing how way leads on to way, 
I doubted if I should ever come back. 
I shall be telling this with a sigh 
Somewhere ages and ages hence: 
Two roads diverged in a wood, and I--
I took the one less traveled by. 
And that has made all the difference. 
Robert Frost 
1 
INTRODUCTION 
Caffrey and Worthley (1927) first reported that European corn borer 
(ECB), Ostrinia nubilalis (Hiibner), adults aggregate in dense stands of 
vegetation peripheral to and within the cornfields. These peripheral 
habitats, termed action sites (Showers et al. 1980), are crucial to 
understanding the life cycle of ECB adults. Action sites serve as the 
focal point for ECB adult aggregation and mating. Females disperse from 
these action sites to oviposit in adjacent cornfields (Sappington and 
Showers 1983a, Showers et al. 1980). 
Growers presently rely on prophylactic insecticide treatments 
applied to the whole field to help reduce leaf, stalk and ear damage by 
ECB larvae. Showers et al. (1980) proposed an alternative ECB control 
tactic that emphasized adult control in action sites rather than 
suppression of larvae on corn. Application of carbaryl in an oil 
carrier to control ECB adults prevented significant yield reductions in 
adjacent cornfields. Thus, a management scheme utilizing adult control 
would provide a more judicious use of insecticides (i.e., exploitation 
of the vulnerable stage in the pest life cycle) and result in the 
application of insecticides to a smaller area (i.e., action sites as 
opposed to whole fields). 
Recolonization of agricultural fields by beneficial arthropods, 
however, is believed to originate from these peripheral sites (Altieri 
and Whitcomb 1979, Van Eraden 1965). With current emphasis on integrated 
pest management, it is important to examine how the management of adults 
rather than larvae could influence the stability of nontarget arthropods 
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that occur within grassy areas surrounding or throughout cornfields. 
Thus, this study was undertaken to determine the seasonal abundance of 
the ground- and foliage-dwelling arthropod fauna associated with ECB 
action sites and to measure the impact to this arthropod fauna when 
insecticides are applied to these action sites to control ECB adults. 
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LITERATURE REVIEW 
European com borer distribution 
The European corn borer (ECB), Ostrinia nubilalis (Hubner), was 
accidently introduced into the United States during the early years of 
the twentieth century. Between 1900 and 1914, broom factories in New 
York and Massachusetts imported European broomcorn seemingly infested 
with European corn borer larvae (Caffrey and Worthley 1927, Smith 1920). 
Since those initial introductions in the northeastern United States, the 
geographic range of ECB has expanded to include all of North America 
south of 55 N westward to the Rocky Mountains (Arbuthnot 1949, Showers 
1981, Palmer et al. 1985). 
Adult European com borer biology 
In central Iowa there are a minimum of two flights of ECB adults 
produced each year (Showers and Reed 1971). The spring adults (flight 
one) originates from those individuals that overwintered in corn debris 
left in the fields. The spring flight begins in late May to early June 
and lasts for 24 to 31 nights (Showers and Reed 1971). Adults of the 
summer flight (flight two) are the progeny of the spring flight adults. 
This summer flight of ECB is of longer duration than the spring flight 
and lasts from raid-July to late August, ca. 42 nights (Showers and Reed 
1971). 
During the spring and summer flights, adults will rest and mate in 
dense grassy vegetation associated with fence rows and borders along 
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cornfields (Barber 1928, Caffrey and Worthley 1927). Because of the 
importance of regulating adult behavior and activity, these grassy 
habitats have been specifically referred to as action sites (Showers et 
al. 1980). 
Typically, action sites are 100 to 150 m' with the narrowest width 
at 4 m (Showers et al. 1976, Sappington and Showers 1983a). In Iowa, 
the vegetation of action sites is composed of smooth brome, Bromus 
inernus (Leyss), during the spring and giant and/or green foxtail grass, 
Setaria faberi Henn. and/or S. viridis (L.) Beauv., during the summer. 
Large numbers of ECB adults have been collected from action sites when 
the grass is 57.5 to 117.5 cm tall (Showers et al. 1976). 
During the spring and summer, ECB adults can be found clinging to 
the grass in action sites during daylight hours (Caffrey and Worthley 
1927, Sappington and Showers 1983a). Immediately after sunset (ca. 2000 
h), adults will leave taller grass of action sites and fly to shorter 
vegetation (DeRozari et al. 1977, Sappington and Showers 1983a). ECB 
adult females return to action sites and begin emitting sex pheromones 
to attract potential mates (DeRozari et al. 1977). Males are attracted 
to action sites by the long-range sex pheromones, 11-tetradecenyl 
acetates, emitted by the female (Klun and Cooperators 1975). Upon 
arrival at an action site, males visually search the grass canopy for 
receptive females and initiate mating (Sappington and Showers 1983a). 
ECB females generally mate once or occasionally twice. Each female 
would be expected to attract many males since males will mate many times 
(Loughner 1971). After mating, female moths will fly to a nearby action 
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site to rest or to a cornfield to oviposit (Showers et al. 1976, 
Sappington and Showers 1983a). 
Blacklight trap capture data generally indicate a higher percentage 
(56 to 79%) of males captured than females (Sappington and Showers 
1983a). Hourly captures of males in traps baited with females were 
maximized at ca. 2330 to 0100 h and remained large until 0300 h (Showers 
et al. 1976). Peak captures of females in blacklight traps, however, 
occur ca. 2130-2200 h with flight activity declining sharply after 
midnight (Sappington and Showers 1983a). Therefore, the longer flight 
duration would expose males to a greater risk of being captured in 
blacklight traps. 
The sex ratio, however, is somewhat skewed because of the habitat 
sampled by blacklight traps. Traps positioned in action sites or areas 
away from cornfields will capture more males than females (Stirrett 
1938, Showers et al. 1976, Sappington and Showers 1983a, Oloumi-Sadeghi 
et al. 1975). But, when blacklight traps are positioned near cultivated 
cornfields, the sex ratio is shifted in favor of females (Showers et al. 
1976, Stirrett 1938). 
Nightly flight of ECB adults has been described as bimodel by Huber 
et al. (1928), and these authors suggested that after sunset adults 
search for mates and/or mated females search for cornfields to deposit 
eggs. Huber et al. (1928) further speculated that the second peak in 
the early morning hours served no biological function. Showers et al. 
(1976), however, indicated that the low altitude flights around 2000 to 
2200 h were not sexually orientated as suggested by Huber et al. (1928). 
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Traps baited with virgin ECB females or with synthetic sex pheroraones 
did not dramatically increase male captures until the second peak around 
2400 h (DeRozari et al. 1977). Data collected from these studies 
indicated that at 2200 h the large numbers of ECB adults captured in 
blacklight traps occurred simultaneously with low captures of males in 
traps baited with virgin females. These results support the conclusion 
proposed by Showers et al. (1976) that the early flight activity is not 
sexually orientated. 
DeRozari et al. (1977) studied the effects of abiotic factors 
(e.g., dewpoint, humidity, wind) within action sites on ECB adult 
aggregation and dispersal. They concluded that early-night (2000-2200 
h) movement by adults was in search of moisture present as dew first 
formed on short grass. Without moisture, male and female sexual 
activity was nonexistent. DeRozari et al. (1977) suggested that the 
aggregation of adult ECB adults in action sites is regulated by rain or 
dew formation on the grass. 
Atmospheric humidity, illumination level in the grass canopy and 
hours after sunset all contribute to the sexual activity of ECB adults 
(DeRozari et al. 1977). Mating response is triggered after the 
temperature drops (Loughner and Brindley 1971). DeRozari et al. (1977), 
however, indicated that temperature drop is more important for dew 
formation, and that presence of dew is one of the abiotic factors that 
actually initiates adult sexual activity. Ideal environmental 
conditions for adult mating include a temperature drop of 6 to 12 C 
after 2000, relative humidity of 70 to 96%, intense dew formation and a 
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temperature plateau stabilizing for 2 h beginning at 2400 h (DeRozari et 
al. 1977, Showers et al. 1974, Loughner and Brindley 1971). 
European com borer sampling 
Researchers and professional consultants traditionally use the 
seven-leaf (the ear leaf, three leaves above and three leaves below the 
ear) partial plant examination to monitor oviposition of egg mass 
numbers (Calvin et al. 1986). Seed companies will generally examine and 
count all egg masses on the whole plant to estimate ECB pressure. Using 
either technique, screening corn plants for the presence of egg masses 
is labor intensive and very tedious. Fields often have to be rechecked 
every few days to correctly evaluate the status of ECB egg masses. 
Developing techniques that help determine population peaks, female 
reproductive status and timing of egg laying, therefore, is critical to 
agriculturists making decisions for management of ECB. 
Blacklight traps are essential for monitoring ECB adult flight and 
ovipositional activity. Showers et al. (1974) observed a substantial 
increase in egg mass numbers in cornfields after peak captures of class 
2 females (newly mated, ovaries gravid, spermatophore full of sperm and 
yellow in color) shifted to class 3 females (ovaries partially 
depleted,spermatophore partially depleted). Counts of egg masses on 
corn plants increased on days one to three after peak numbers of class 2 
females were captured. Thus, by using information on ECB oogenesis 
provided by blacklights, consultants and growers can time the scouting 
for egg masses in fields. 
8 
Legg and Chiang (1984) expanded the use of blacklight capture data 
to include not only ECB population trends but predicted levels of larval 
infestation from numbers of captured females. They showed that an 
average capture of 20 type 3 females (equivalent to class 4 in Showers 
et al. 1974) in blacklight traps correlated with the economic threshold 
of 0.5 egg mass per plant (Showers et al. 1980). 
Showers et al. (1980) used a dropnet (a cubic meter in area) to 
sample summer adult populations in the grass sites while simultaneously 
counting the number of ECB egg masses on corn plants. Captured ECB 
adults were removed, sexed and counted. Using a linear regression 
model, an economic threshold (0.5 egg mass/plant) was reached when three 
females per m' of action site were captured in the dropnet. 
Sappington and Showers (1983c) compared two sampling methods, 
dropnet and flush bar, to estimate ECB adult populations in the grass 
sites. Adults flushed from the grass were visually sexed and counted as 
the flush bar (l-m metal bar) was swept over the grass. The sum of a 
five-day running mean totaling three females captured in a dropnet was 
equivalent to a sum of a five-day running mean of 61 adults visually 
counted in 10-mf by the flush bar method. Thus, the flush bar offers 
insect scouts a much easier and less labor intensive sampling procedure 
for estimating ECB adults. 
To determine whether a relationship exists between the number of 
moths flushed from the grass canopy and egg masses in the cornfield, a 
predictive equation suggested that an accumulation of 59 moths in lO-mf 
of grass could potentially result in the economic threshold of 0.5 egg 
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mass per plant (Derrick 1988). Establishing economic thresholds for egg 
masses in cornfields from adults numbers flushed from grass sites offers 
integrated pest management scouts and growers increased potential for 
scouting for ECB. Timing scouting activities with accumulated captures 
of 59 ECB adults in 10-m^ of grass will greatly enhance control 
strategies. 
European com borer damage and control 
ECB larvae feed on leaves and ears and tunnel into the corn stalk 
(Showers et al. 1983). They damage corn plants by interfering with 
plant physiological processes (photosynthesis and nutrient transport), 
destruction of kernels, stalk breakage or ear droppage and produce stalk 
cavities that serve as entrance points for stalk rots or other pathogens 
(Chiang and Hodson 1972). 
During the spring flight in late May and June, females deposit egg 
masses on whorl stage corn (Showers et al. 1983). The first three 
instars will feed on the leaf tissue producing a characteristic shot-
hole appearance. The last two instars (4th and 5th stage larvae) will 
bore into the stalk and produce vertical cavities (Everett et al. 1958). 
An economic threshold for first generation ECB larvae has been 
established at 50% of the whorl stage plants showing the shot-hole 
appearance. Insecticide applications are specifically targeted for 
controlling the 1st and 2nd instars feeding in the whorls (Harding et 
al. 1968). 
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In the summer, ECB female moths will oviposit on corn plants that 
are silking or tasseling (Everett et al. 1958). Egg masses are 
generally placed on the underside of the ear leaf, three leaves above 
and three leaves below the ear (Calvin et al. 1986). Soon after 
emergence from the egg mass, first instars begin feeding in. leaf axils 
and on ear sheath tissues. Fourth and fifth stage larvae penetrate into 
the ear shanks and stalks (Caffrey and Worthley 1927, Showers et al. 
1983). Second generation ECB damage includes both physiological 
disruptions produced by stalk tunneling and direct losses from ear 
droppage and stalk breakage. An economic threshold for summer 
generation adults is 0.5 egg mass per plant (Showers et al. 1983). 
Insecticide applications must be timed to coincide at or near egg hatch 
for insecticides to be effective. 
Klun et al. (1973) suggested that the application of sex pheromones 
to cornfields could reduce adult mating and therefore reduce the number 
of eggs oviposited and larval numbers. They did in fact significantly 
reduce the number of males captured in traps baited with sex pheromone 
after permeating fields with tetradecenyl acetates (Klun and Robinson 
1971). Showers et al. (1976), however, disputed this hypothesis because 
they found mating rarely occurs in cornfields but usually occurs in 
dense grass (i.e., action sites) running through or adjacent to the 
cornfield. 
Schurr (1970) suggested that weed management (e. g . ,  mowing) in 
ditches and fence rows near cornfields would reduced ECB moth 
populations in the summer. The removal of weeds resulted in a sixfold 
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reduction in ECB damaged corn plants. However, mowing weeds will cause 
adults to move to new grass sites; adults still have the potential to 
oviposit in attractive fields that have had the grass mowed. 
Showers et al. (1980) proposed an alternative control that 
emphasized chemical control of summer adults in the grassy vegetation 
instead of attempting to control larvae at or near egg hatch. When 
carbaryl in an oil carrier was applied to grass sites to control 
aggregated adults, it resulted in fewer egg masses and larval cavities 
per plant in adjacent cornfields. 
Derrick (1988) applied methomyl to action sites and simultaneously 
applied fenvalerate to cornfields. This combination adult and larval 
treatment was more effectiwe than when only treating the action sites 
with a methomyl application. Derrick (1988) speculated that a 
methomyl's residual activity was too short to be an effective material 
to use for action site treatment. 
The proper timing and placement of insecticides in action sites is 
very beneficial because we can target a specific life stage and activity 
(ECB adult and mating), and consequently reduce the amount of 
insecticides applied to the corn agroecosystem. However, few studies 
have examined the role of peripheral habitat as a source of predator 
colonization of agricultural fields. Studies by Van Emden (1965), Rabb 
et al. (1976), and Mayse and Price (1978) suggest that general predators 
need to reenter agricultural production fields on an annual basis. 
Furthermore, it has been suggested that the insect composition of these 
peripheral habitats helps to determine what species of predators will 
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inhabit a particular crop system (Altieri and Whitcomb 1980, Altieri and 
Todd 1981). Thus, it is of particular interest to understand whether 
ECB adult control adversely affects the species composition and seasonal 
abundance of the arthropod fauna associated with the foliage and ground 
strata of action sites. 
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PART 1. IMPACT OF INSECTICIDES ON COMPOSITION AND ABUNDANCE 
OF GROUND-DWELLING INSECT FAUNA IN ADULT EUROPEAN 
CORN BORER (LEPIDOPTERA: PYRALIDAE) ACTION SITES IN 
IOWA 
14 
INTRODUCTION 
The European corn borer (ECB), Ostrinia nubilalis (Hiibner), is a 
serious pest of field and sweet corn in the Midwest (Showers et al. 
1983). Growers presently rely on prophylactic insecticide treatments to 
reduce leaf, stalk and ear damage by ECB larvae. 
It is commonly known that adult ECB aggregate in grassy areas 
(Caffrey and Worthley 1927), and, until recently, these sites were 
assumed to be resting places during daylight hours. Showers et al. 
(1976) found that these grassy sites are important in the ECB life 
cycle, influencing adult behavior and activity. These vegetative sites 
bordering cornfields, termed action sites (Showers et al. 1980), provide 
suitable habitat for ECB adult aggregation, thus reducing the time spent 
searching for mates (Showers et al. 1976, DeRozari et al. 1977). 
Especially large aggregations of ECB adults are associated with action 
sites composed of brome fBromus spp.) or foxtail grasses (Setaria spp.) 
(Showers et al. 1976). 
DeRozari et al. (1977) examined the relationships of abiotic 
factors (e.g., dewpoint, humidity and wind) within the action sites and 
their influence on local aggregations and dispersal patterns of ECB 
adults. Those authors concluded that early-night (2000-2200 hours) 
movements were made in search of free drinking water, primarily dew that 
forms on short grasses. ECB females returned to action sites either to 
finish drinking or to begin emitting sex pheromones to attract potential 
mates. 
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Initially, males are attracted to action sites by the long-range 
sex pheroraone, 11-tetradecenyl acetates (Klun et al. 1973). Upon 
arrival at an action site, males visually search the grass canopy for 
receptive females and initiate mating (Sappington and Showers 1983a). 
Showers et al. (1980) proposed an alternative ECB control tactic 
that placed emphasis on controlling adults rather than larvae, as is the 
current practice. Those authors found that application of carbaryl, in 
an oil carrier, at action sites resulted in fewer egg masses in adjacent 
cornfields. Consequently, proper timing and placement of insecticides 
at action sites can target a specific life stage and activity (adult ECB 
and mating), increase the efficacy of the insecticide and result-in 
reduced amounts of insecticides being applied to the agroecosystera. 
With current emphasis on integrated pest management programs, an 
examination of the effects of one management tactic upon another is 
necessary. Of particular interest is the effect of insecticides on 
nontarget organisms. Thus, this study was undertaken to determine the 
species composition and seasonal abundance of the insect fauna 
associated with the ground stratum of adult ECB action sites and to 
determine the impact of control of adult ECB on the stability of the 
community within these sites. 
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MATERIALS AND METHODS 
Studies were conducted in 1983 and 1984 at the Iowa State 
University Research Farm, Ankeny, Iowa. Action sites were selected on 
the basis of vegetation composition, primarily smooth brome, Bromus 
inermis Leyss, during the spring and giant or green foxtail grass, 
Setaria faberi Henn. or S. viridis (L.) Beauv., during the summer; 
vegetation height (50-100 cm); and location (adjacent to corn and 
soybean fields). The ground-dwelling insect fauna was sampled by using 
pitfall traps in 8 and 12 action sites in 1983 and 1984, respectively. 
Each sample site consisted of an area 33.5 by 15.1 m, which was 
subdivided into 18 subplots (each 5.6 by 4.9 m). 
Pitfall traps were randomly placed in 10 of the 18 subplots within 
each action site, one trap per subplot. A pitfall trap consisted of a 
funnel (13.97 cm) directed into a vial (150 ml) placed in a hole (20 cm) 
in the ground. A new vial with ethylene glycol (killing agent) was 
installed weekly. Pitfall traps were placed in action sites on 27 May 
1983 and on 21 May 1984 and were checked weekly for 13 wk (1983) and 14 
wk (1984). 
The ground-dwelling insects were identified and compared with 
voucher specimens from three sources at Iowa State University: the 
Department of Entomology Insect Collection, the Corn Soil Insect 
Research Project Insect Collection, and the Impact in Management of 
Insect Populations in Conservation and Conventional Corn Production 
System Project Insect Collection at the cooperative Iowa State 
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University/U.S. Department of Agriculture Corn Insect Research Unit, 
Ankeny, Iowa. 
Action sites also were chosen to receive an insecticide treatment, 
2.26 kg (AI)/ha of carbaryl 4-oil mixed with 2.38 liters/ha of diesel 
fuel (1983 and 1984), or 0.1 kg (AI)/ha of fenvalerate (1984), each 
applied as a foliar spray. Fenvalerate, a pyrethroid insecticide, was 
included in 1984 because of its potential use in ECB adult control. A 
randomized complete-block design consisting of four action sites per 
insecticide treatment and four untreated action sites was used both 
years. ECB adult numbers were monitored by blacklight traps positioned 
in the action sites (Showers et al. 1980), and insecticide applications 
were timed to correspond with peak moth activity. The duration of the 
adult ECB flight determined the number of insecticide treatments. ECB 
adults emerging in June from overwintering populations have a relatively 
short flight time and require one insecticide application for control. 
The second flight, beginning in July, is much longer, and two 
insecticide treatments are usually recommended (Showers et al. 1983). 
Insecticide applications were made on 23 June 1983 and 18 June 1984 to 
suppress spring ECB adult populations. Insecticides for summer ECB 
adult control were applied on 28 July and 11 August 1983 and on 23 July 
and 7 August 1984. Pretreatment pitfall samples were collected in each 
action site before each insecticide application. 
Data were analyzed by year and species with analysis of variance, 
and significant means separated by Duncan's (1955) multiple range test 
or t-test (1983). 
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RESULTS 
Faunal composition and seasonal dynamics 
The ground-dwelling insect community identified from ECB action 
sites was sorted to 28 families, 46 genera and 27 species from a total 
of 24,497 insects collected (Table 1). Distribution of insect abundance 
among the various taxa identified is given Table 2. Homoptera, 
Orthoptera, and Coleoptera accounted for 98% of the total insect fauna. 
Thirteen genera accounted for 79% (1983) and 90% (1984) of the ground-
dwelling insects; some particularly abundant during both years of the 
study were Athvsanus argentarium Metca, Gryllus spp., Evarthrus 
alternans Casey, Pterostichus spp., and Harpalus pennsylvanicus DeGeer 
(Table 2). 
Peak abundance (averaged over both years) for the most abundant 
ground species and for the total ground-dwelling insect community is 
presented in Fig. 1. Greatest abundance for the community lasted from 
the middle of June to the middle of August. However, different species 
had temporally distinct seasonal peaks. Species with peak periods of 
abundance early in the season (May and early June) were Draeculacephala 
anticox (Walker), Coleomegilla maculata (DeGeer), Pterostichus spp. 
(Pterostichus chalcites [Say] and Pterostichus lucublandus [Say]), 
Angonderus comma F,, Chlaenius pusillus Say, and Scarites quadriceps 
(Chaudoir). During the middle of the season (mid-June to mid-July), 
alternans and A. argentarium were the most abundant species collected 
from the ground of ECB action sites. Ground-dwelling insects that were 
abundant during the latter part of the season (late July to August) were 
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Table 1. Composition of ground-dwelling insect fauna collected from 
European corn borer action sites 
Coleoptera 
Cicindelidae 
Cicindela punctulata 
Cicindela spp. 
Carabidae 
Agonum cupripenne (Say) 
Amara avida (Say) 
Amphasia spp. 
Anisodactylus sanctaecrucis 
Aponoderus comma 
Bembidion quadrimaculatum (L 
Calosoma calidum (F.) 
Chalaenius pusillus 
Clivina bipustulata (F.) 
Evarthrus alternans 
Galeritula janus F. 
Harpalus calieinous (F.) 
Harpalus erythropus Dejean 
Harpalus pennsylvanicus 
Harpalus compar LeConte 
Pterostichus chalcites 
Pterostichus lucublandus 
Scarites quadriceps 
Scarabaeidae 
Onthophagusa 
Trox 
Phyllophaga 
Aphodius 
Ateuchus 
Lampyridae 
Photuris 
Photinus 
Cantharidae 
Chauliognathus 
Podabrus 
Cantharis 
Coccinellidae 
Coleomegilla maculata 
Hippodamia tredecimpunctata 
Hippodamia convergens Guérin 
Cycloneda munda (Say) 
Cerambycidae 
Tetraopes 
Chrysomelidae 
Metriona 
Diabrotlca 
Lema < 
(F.) 
) 
Orthoptera 
Acrididae 
Tettigoniidae 
Gryllidae 
Gryllus 
Gryllacrididae 
Ceuthophilus 
Blattellidae 
Hemiptera 
Pentatomidae 
Euschistus 
Scutelleridae 
Podus 
Alydidae 
Alydus 
Miridae 
Leptopterna 
Homoptera 
Cicadellidae 
Draeculacephala anticox 
Athvsanus argentarium 
Membracidae 
Neuroptera 
Chrysopidae 
Chrysopa carnea Stephens 
Chrysopa oculata Say 
Hemerobiidae 
Hyraenoptera 
Apidae 
Apis 
Bombus 
Ichneumonidae 
Anthophoridae 
Formicidae 
(Say) 
-Mèneville 
-> Colaspis 
Curculionidae 
Nitidulidae 
Glischrochilus 
Staphylinidae 
Leiodidae 
Elateridae 
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Table 2. Percentage of abundance of the predominant ground-dwelling 
insects collected from European corn borer action sites 
% of total 
Order/family Species insect fauna 
1983 1984 
Homoptera 
Cicadellidae A. argentarium 
D. anticox 
23 
6 
7 
1 
Orthoptera 
Gryllidae 
Gryllacrididae 
Coleoptera 
Coccinellidae 
Larapyridae 
Carabidae 
Gryllus spp. 
Ceuthophilus spp. 
C. maculata 
Photinus spp. 
E. alternans 
Pterostichus spp 
A. comma 
iL 
C. 
pennsylvanicus 
pusillus 
Cicindella spp. 
S• quadriceps 
12 
1 
3 
3 
9 
6 
1 
7 
2 
2 
4 
16 
4 
1 
1 
3 
11 
1 
41 
1 
1 
2 
% of total captures 79 90 
Fig. 1. Peak abundance of the predominant insect 
species inhabiting the ground of adult 
European corn borer action sites 
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Gryllus spp., Photinus spp., Harpalus spp. (primarily Harpalus 
pennsylvanicus'). and Cicindela punctulata Olivier. 
Influence of insecticides on the ground-dwelling insect community 
The impact of spring insecticide treatment at action sites on the 
ground-dwelling insect fauna is given in Table 3. During both years of 
the study, the impact of carbaryl 4-oil and fenvalerate on the 
predaceous groups (Pterostichus. Evarthrus and Harpalus*) found in action 
sites was not significant (P > 0.05). During 1983 and 1984, action 
sites treated with insecticides had significantly greater numbers of the 
major herbivores, D. anticox and A. argentarium. During 1983, carbaryl-
treated action sites had significantly (P < 0.05) greater numbers of D. 
anticox and A. argentarium in the pitfall traps 14 d after treatment 
than did the untreated action sites. In 1984, D. anticox was again 
significantly more abundant (P < 0.05) in the pitfall traps stationed in 
the fenvalerate-treated plots 14 d after treatment. 
The effects of summer ECB adult control on the mean number of 
ground-dwelling insects are presented in Table 4. After treatment 1 
(1983), D. anticox and A. argentarium were found in significantly 
greater numbers (P < 0.05) in the pitfall traps stationed in carbaryl-
treated plots; during 1984, fenvalerate-treated action sites had 
significantly fewer numbers of A. argentarium in the pitfall traps than 
either untreated or carbaryl-treated action sites after treatment 1. 
Except for E. alternans during 1984 (Table 3), nonsignificant 
differences in total numbers of Evarthrus. Pterostichus or Harpalus 
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Table 3. Mean number of ground-dwelling insects collected in action 
sites, untreated and after treatment with carbaryl or 
fenvalerate for control of spring adult European corn borer 
Sampling periods 
Species Treatment^ 1983 1984 
7 d 
before 
7 d 
after 
14 d 
after 
7 d 
before 
7 d 
after 
14 d 
after 
Untreated 3.8 20, ,Oa 34, 0 19, .3 8 . 5a 8.8 
argentarium Carbaryl 8.3 178, • Ob 17 .8 24, .3 28 .3a 11.8 
Fenvalerate — 24, ,8 14, ,Oa 8.8 
C. maculata Untreated 2.5 1, .3 1, ,5 
Carbaryl 3.3 3, ,0 2, ,0 
Fenvalerate — ' 
D. anticox Untreated 3.8 0. ,8a 0, ,8 0, ,0 0, .Ob 0.0 
Carbaryl 2.0 7, ,8b 0, ,8 0, .5 1, .3ab 0.0 
Fenvalerate 0, ,0 1, .5a 0.0 
Pterostichus Untreated 11.0 5, .5 2, ,5 27, ,0 22 .5 8.5 
spp. Carbaryl 11.8 4. 8 5. 8 17, ,8 15, .5 16.0 
Fenvalerate — 33, ,7 24, .3 9.3 
E. alternans Untreated 0.5 4, ,5 14, ,0 1, ,8 2, ,3 4.0a 
Carbaryl 2.8 3, ,0 12, ,3 0, ,3 2 ,0 5.5a 
Fenvalerate 0, ,5 1, .0 11.3b 
Ceuthophilus Untreated 3.3 1, ,0 1, ,8 4, ,3 3, ,0 1.8 
spp. Carbaryl 5.0 0. ,8 5, 3 2, ,0 1, ,0 3.5 
Fenvalerate 1, ,3 0 .5 0.5 
A. comma Untreated 1.3 1. ,5 2. 3 1. ,8 3, ,5 2.8 
Carbaryl 2.5 0, ,0 2, ,5 0, ,8 2, ,5 0.3 
Fenvalerate 1. ,8 4, ,8 1.0 
Untreated 3.5 1, ,3 1, ,3 2, ,0 3 .8 10.3 
nennsvlvan- Carbaryl 2.5 1, ,0 2, ,5 4, ,5 1, ,0 10.5 
icus Fenvalerate 3, .0 4, ,5 14.5 
C. pusillus Untreated 1.0 1. 0 0. 5 
Carbaryl 2.3 1, ,3 2, ,0 — 
Fenvalerate 
•'•Column means without a letter or means followed by the same letter 
among species are not significantly different (P > 0.05; Duncan's [1955] 
multiple range test). 
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Table 4. Mean number of ground-dwelling insects collected in action 
sites, untreated and after treatment with carbaryl or 
fenvalerate for control of summer adult European corn borer 
Sampling periods 
Species Treatment*- 1983 1984 
Treatmt*l Treatmt 2 Treatmt 1 Treatmt 2 
7 d 7 d 7 d 14 d 7 d 7 d 7 d 14 d 
bef* aft bef aft bef aft bef aft 
Untreated 6, .3 6 .5a 5.0 6 .3 4. ,5 9 .Ob 5, .8a 2, .3a 
argentarium Carbaryl 4 .8 12, ,8b 2.0 1, .8 4. ,0 31 .Oa 6, .Oa 0, .Ob 
Fenvalerate " 1. ,5 3 .Oc 0, .Ob 0, .Ob 
C. maculata Untreated 1, .0 1. ,0 1.0 0, ,0 0. 0 0, ,5 0, ,8 0, ,3 
Carbaryl 0 .8 1 .8 3.0 0, .8 0. ,0 1 .0 1, ,5 1, ,8 
Fenvalerate 0. 0 0, ,8 2, ,5 0, ,5 
D. anticox Untreated 0 .5 1 .Oa 1.5 1 .3 
Carbaryl 0, ,5 4, .5b 2.5 1, .5 
Fenvalerate 
Pterostichus Untreated 2, .3 1, .5 1.8 1, ,0 7. 5 7, ,0 7, ,0 3, ,0 
spp. Carbaryl 1, .8 3 .0 2.5 1, .5 8. ,8 6 .5 5, ,0 4, ,8 
Fenvalerate — 18. 5 16, ,5 11, ,3 5. 3 
E. alternans Untreated 5, .8 8 .0 1.8 2, .8 2. 8 1, .5 0, ,5 0, ,5 
Carbaryl 9, .5 4, .5 3.5 2, .5 5. 3 3, ,3 0, ,5 0. ,5 
Fenvalerate — 2. 0 2, ,0 0, ,8 0, ,0 
Ceuthophilus Untreated 9. ,3 9, ,0a 9.0 8, ,0 7. 8 8. ,8 16, ,7 15, 8 
spp. Carbaryl 6, ,5 3, 8b 10.0 7, ,5 7. ,5 2 ,0 6, ,8 9, .0 
Fenvalerate 3. 5 3, ,5 2. 3 2, ,8 
Grvllus spp. Untreated 7, .0 12, ,0 14.5 8, ,3 36. 8 39, .5 33, ,0 34, ,8 
Carbaryl 13, 8 9. ,0 26.0 18, .8 49. 0 40, ,5 55, 0 53. ,0 
Fenvalerate 70. 0 55, ,3 54, 0 51. 8 
ÎL. Untreated 5, ,8 6. 0 6.8 6, ,0a 158. 8 154, ,0 98, 3 66. ,5 
pennsvlvan- Carbaryl 8, .5 7, ,8 11.5 15, ,3b 193. 5 142, ,3 66, ,5 85. ,5 
icus Fenvalerate 101. 0 139, ,0 64. 3 89. ,8 
"Xolumn means without a letter or means followed by the same letter 
among species are not significantly different (P > 0.05; Duncan's [1955] 
multiple range test). 
*Treatmt = Treatment, bef =» before, aft = after 
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were found between treated (carbaryl or fenvalerate) and untreated 
action sites in either year. However, during both 1983 and 1984, the 
treated action sites had a consistently higher total numbers of 
Evarthrus. Pterostichus and Harpalus when compared with untreated action 
sites (Table 5). 
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Table 5. Total numbers of Pterostichus. Evarthrus and Harpalus 
collected from the ground of untreated and treated European 
corn borer action sites 
1983 
action sites 
1984 
action sites 
Species 
Untreated Carbaryl Untreated Carbaryl Fenval-
erate 
Pterostichus spp. 204 
Evarthrus spp. 288 
Harpalus spp. 209 
240 517 549 818 
357 131 163 180 
269 2,486 2,575 2,406 
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DISCUSSION 
The relationship between ECB adults and action sites has only 
recently been examined. Action sites, composed primarily of brome or 
foxtail grass, serve as a focal point for ECB adult dispersal as well as 
local movement (Sappington and Showers 1983a). The grass canopy also 
provides suitable microclimate characteristics (e.g., temperature, free 
water and humidity) for ECB mating (DeRozari et al. 1977). Thus, 
control of ECB adults in action sites exemplifies the true concept of 
integrated pest management and exploitation of the vulnerable stage in 
the pest life cycle. A logical next step would be area-wide suppression 
of ECB adults which would give growers more flexibility in handling the 
insect problems unique to their production fields. 
The insect fauna of ECB action sites can be described by two 
measures of relative importance; species richness and species abundance 
(Price 1975, Price and Waldbauer 1975). Using species richness to 
characterize the ground-dwelling insect community overestimates the 
importance of 95% of the insects (Table 1). In this study, relative 
abundance of species as measured by pitfall traps, is a better 
ecological index for describing diversity of the ground-dwelling insects 
(Table 2). With species abundance as an index, 13 genera were found to 
contain 79% (1983) and 90% (1984) of the total insects captured from 
action sites. 
The paucity of prominent arthropod species can best be explained by 
examining the vegetative community of action sites. The carrying 
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capacity for insect species in any given habitat is determined by two 
components, the number of plant species and the structural complexity of 
the plants (Price and Waldbauer 1975). ECB action sites in Iowa are 
very similar to agricultural crops in that they are essentially 
monocultures (brome or foxtail grasses). The lack of plant diversity 
and plant structural complexity creates relatively few ecological niches 
for insect establishment, thus explaining the low number of prominent 
species (Table 2). 
The ground-dwelling insect faunae (especially the Carabidae) 
collected at action sites are similar in composition to those found in 
Iowa cornfields (Thorvilson 1969, Esau and Peters 1975, Hsin et al. 
1979, Gray and Coats 1983), and in Iowa soybeans (Bechinski and Pedigo 
1981). Harpalus. Pterostichus and Evarthrus were very abundant genera 
in the previously mentioned studies and were also abundant in this study 
(Table 2). Peak periods of activity for H. pennsvlvanicus and P. 
chalcites were given by Hsin et al. (1979) for the corn agroecosystem 
and by Bechinski and Pedigo (1981) for the soybean agroecosystem. P. 
chalcites in adult ECB action sites (Fig. 1) had their greatest activity 
ca. 3-5 wk earlier than those found in either corn or soybeans. A 
similar trend was reported in seasonal activity of H. pennsy1vanieus in 
corn (Hsin et al. 1979). However, in soybeans, H. pennsvlvanicus had 
peak periods similar to those of H. pennsvlvanicus found in ECB action 
sites. Therefore, based on seasonal activity and peak abundance, 
Pterostichus and Harpalus may colonize or immigrate to cornfields from 
uncultivated sites, such as ECB action sites, adjacent to cornfields. 
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Thus, these predators may be of use in suppressing some insect pests of 
corn. 
These peripheral sites associated with agricultural crops are very 
important reservoirs of predators and parasitoids (Van Emden 1965). 
Maintenance of floral diversity around agricultural crops provides a 
source of predators and parasitoids for the corn agroecosystem (Altieri 
and Whitcomb 1980). In addition, these peripheral sites provide refuge 
for predators as they disperse from senescent cornfields (Altieri and 
Whitcomb 1979). 
Harpalus and Pterostichus are two genera of carabids that have many 
desirable attributes for use in biological control : they inhabit a 
diversity of agroecosystems (Kirk 1971, 1973, 1975); are tolerant of 
many insecticides that are commonly used in corn production (Table 3 and 
4; Gray and Coats 1983); and are relatively abundant near and in 
cornfields (Table 2; Kirk 1973, Esau and Peters 1975). These carabids 
feed on black cutworms, Agrotis ipsilon Hufnagel (Best and Beegle 1977, 
Lund and Turpin 1977); adult western corn rootworms, Diabrotica 
virgifera LeConte (Kirk 1973); ECB larvae (Kirk 1973); and ECB adults 
(W.B.Showers, unpublished data, Dept. of Entomology, Iowa State 
University). Future studies on the role of Harpalus and Pterostichus as 
predators of corn pests and on the relationship of these and other 
predators to action sites and other uncultivated peripheral habitats 
adjacent to cornfields is important to further our understanding of the 
corn agroecosystem. 
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PART 2. ABUNDANCE OF NONTARGET FOLIAGE-DWELLING INSECTS 
AFTER INSECTICIDE TREATMENT FOR ADULT EUROPEAN 
CORN BORER (LEPIDOPTERA; PYRALIDAE) 
32 
INTRODUCTION 
The European corn borer (ECB), Ostrinia nubilalis (Hubner), is a 
serious pest of corn in the Midwest, often causing significant 
reductions in yields (Guthrie et al. 1975). Growers currently use 
prophylactic insecticide treatments for reducing ECB larval damage to 
corn; however, these treatment are effective only when applied at or 
near egg hatch (Showers et al. 1983). An alternative ECB control tactic 
has been advanced by Showers et al (1980). This control program changes 
the present emphasis from larval control in cornfields to ECB adult 
control in action sites. Action sites (Showers et al. 1980) are grassy 
habitats (predominantly Setaria spp. or Bromus spp.) around cornfields 
and in waterways where ECB adults aggregate and mate. ECB adult control 
in action sites with carbaryl prevented significant yield reductions in 
adjacent cornfields by reducing the numbers of egg masses and the number 
of larval-produced stem cavities per plant (Showers et al. 1980). 
Controlling ECB adults aggregated in action sites permits more 
judicious use of insecticides (i.e., targeting a specific life stage 
[adult] and activity [mating]), thereby restricting chemical 
applications to a smaller area (e.g., action sites as opposed to whole 
fields). However, it is important to examine how this management tactic 
could influence other strategies for controlling ECB. Specifically, 
what impact do insecticides have on nontarget insects inhabiting ECB 
action sites? This study describes the most abundant insect predators 
and herbivores from the foliage of ECB adult action sites and determines 
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if ECB adult control adversely affects the insect fauna associated with 
the foliage of action sites. 
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MATERIALS AND METHODS 
The study was conducted during 1983 and 1984 at the Iowa State 
University Research Farm, Ankeny. The foliage-dwelling insects were 
collected from 8 and 12 ECB adult action sites in 1983 and 1984, 
respectively. An action site was sampled only if the following criteria 
were met: vegetation was composed primarily of Bromus inernus (Leyss) 
(spring) or foxtail, Setaria faberi Henn. (summer); sites were adjacent 
to corn or soybean fields; and sites were > 100 m. These criteria were 
established from prior research by Showers et al. (1976, 1980) and 
Sappington and Showers (1983a). Each action site measured 33.5 by 15.2 
m and was subdivided into plots 5.6 by 15.2 m. 
The insects in the canopy of action sites were sampled for 14 
consecutive weeks, beginning on 27 May 1983 and on 21 May 1984. The 
foliage within each plot was sampled with a sweepnet (38 cm diameter). 
Twenty pendulum sweeps were taken in each plot. The contents of each 
sample were frozen and identified later. 
The foliage-dwelling insects were identified and compared with 
voucher specimens from the Iowa State University Insect Collection, the 
Corn Soil Insect Research Project in the Department of Entomology, Iowa 
State University and from the collection of the Impact in Management of 
Insect Populations in Conservation and Conventional Corn Production 
System Project at the ARS Corn Insect Research Unit, Ankeny. 
A randomized complete-block design with four action sites 
(replicates) per insecticide treatment was used during both years of the 
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study. Action sites were randomly chosen to receive an insecticide 
treatment, carbaryl (Union Carbide, Research Triangle, N.C.) (1983 and 
1984) or fenvalerate (Shell Development Company, Modesto, Calif.) 
(1984). Fenvalerate, a pyrethroid insecticide, was included in the 1984 
experiment because it has greater potential for control of ECB adults in 
action sites. Each insecticide was applied as a foliar spray, carbaryl 
4-oil mixed with 2.38 liters of diesel fuel at 2.26 kg (AI)/ha and 
fenvalerate in 29 liters of water at 0.1 kg (AI)/ha. The number of 
insecticide treatments applied to action sites was determined by the 
duration of the adult flight. First flight (spring generation) ECB 
adults had only a brief period of activity (3 wk in June) and required a 
single insecticide application. The second flight (summer generation) 
in July and August was of longer duration and required two insecticide 
treatments. Timing of each insecticide application was based on peak 
ECB moth activity monitored by blacklight traps in action sites (Showers 
et al. 1980). A total of three applications of carbaryl or fenvalerate 
was applied to each action site over the entire field season. 
Applications of insecticides to action sites for first flight ECB adult 
control were made on 23 June (1983) and on 18 June (1984). Insecticides 
for the second flight adult ECB control were applied on 28 July and 11 
August 1983 and on 23 July and 7 August 1984. Data were analyzed by 
year and species using analysis of variance (ANOVA); significant means 
were separated at P - 0.05 by Duncan's (1955) multiple range test or t-
test (1983). 
36 
RESULTS 
Faunal composition and seasonal abundance 
A total of 99,519 insects was collected from plant foliage of ECB 
adult action sites. The foliage-dwelling insect community from ECB 
action sites was composed of 40 families and 25 genera. Homoptera 
(23%), Hemiptera (10%), Hymenoptera (31%) and Diptera (25%) accounted 
for 89% of all foliage-dwelling insect fauna collected during this study 
from the brome and foxtail vegetation. Abundance (%) of the predominant 
foliage-dwelling insects collected from ECB action sites is given in 
Table 1. The most abundant insects were Athysanus argentarium Metcalf, 
Draeculacephala anticox (Walker), Leptopterna spp., Acrididae, and 
Chalcididae. As a group, the chalcid wasps were the most numerous 
insects collected during this two year study (Table 1). Two species of 
leafhoppers, A. argentarium and D. anticox. and the family Aphididae 
represent the major insect herbivores that inhabited the canopy stratum 
of ECB action sites (Table 1). 
Peak activity periods for the common taxa and for some of the less 
common groups (i.e., groups that exhibited brief periods of high 
abundance) are presented in Fig. 1. Insects abundant in the early part 
of the season (May and June) were Coleomegilla maculata (DeGeer), 
Hippodamia convergens (Guérin-Méneville) and Cantharis spp. Foliage-
dwelling insects active during the latter part of the season (July and 
August) were represented largely by the family Acrididae. The most 
active hymenopterous parasitoids were Ichneumonidae (May and June) and 
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Table 1. Abundance (%) of the predominant foliage-dwelling insects 
collected from adult European corn borer action sites in Iowa 
% of total 
Genus insect fauna^ 
Order Family and 
Species 
1983 1984 
Homoptera Cicadellidae D. anticox 28 5 
A. arpentarium 10 1 
Aphididae 1 8 
Coleoptera Coccinellidae C. maculata 3 <1 
H. convergens 2 <1 
Cantharidae Cantharis spp. 1 <1 
Hemiptera Miridae Leptopterna spp. 2 10 
Pentatoraidae <1 1 
Hymenoptera Ichneumonidae 1 <1 
Chalcididae 14 37 
Orthoptera Acrididae 4 3 
Neuroptera Chrysopidae Chrvsopa carnea <1 <1 
Diptera 25 25 
Lepidoptera 3 4 
Percent of total captures 95 94 
^95% of total capture (76,898) in 1983 = 73,053; 94% of total 
capture (22,621) in 1984 = 21,264. 
Fig. 1. Peak abundance of the predominant insect 
species inhabiting the grass canopy of adult 
European corn borer action sites in Iowa 
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Chalcididae (June and July). Peak abundance of the two predaceous 
coccinellids, C. maculata and H. convergens. coincided with early-season 
population peaks of A. argentarium. D. anticox and Aphididae. 
Population abundance of Chrvsopa carnea Stephens and Nabis spp. 
overlapped with large numbers of D. anticox. 
Effects of insecticide applications on the foliage-dwelling insect 
community 
Insecticide application to the foliage of ECB adult action sites 
caused minimal disruption to the canopy-dwelling insect community. Only 
one species, A. argentarium. was affected by ECB adult control measures 
in action sites (Fig. 2). In 1983, treating for first flight ECB adults 
with carbaryl 4-oil significantly reduced A. argentarium populations for 
28 d posttreatment (30 June to 21 July). In 1984, treating for first 
flight ECB adults reduced A. argentarium in treated action sites 
(carbaryl 4-oil or fenvalerate) for only 7 d posttreatment (18 June to 
25 June). Summer flight ECB adult control during both years of this 
study had little impact on A. argentarium populations because numbers of 
this species were already declining at the time of insecticide 
application. 
Fig. 2. Mean number of Athvsanus argentarium in treated 
and untreated European corn borer adult action 
sites during 1983 (A) and 1984 (B). Arrows 
indicate time of insecticide applications for 
either spring or summer flight adult control 
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DISCUSSION 
Caffrey and Worthley (1927) first reported that ECB moths aggregate 
in dense stands of vegetation around cornfield borders. Subsequently, 
this peripheral habitat, termed action sites (Showers et al. 1980), has 
been implicated as a crucial component in the life cycle of ECB adults. 
Action sites are most often composed of brome or foxtail. The 
microclimate produced by brome and foxtail grasses in the action sites 
provides an ideal habitat for adult aggregation and mating. After 
mating, female ECB will fly to a nearby action site to rest or to a 
cornfield to oviposit (Showers et al. 1976, Sappington and Showers 
1983a). Therefore, suppression of adults in action sites (Showers et 
al. 1980) is a logical step toward the population management of the 
European corn borer; i.e., exploitation of the weakest link in the pest 
life cycle. 
Insecticides used in controlling ECB adults in action sites 
adversely affected only one nontarget species, A. argentarium. These 
results are substantiated by the results of Whitford and Showers (1987). 
In a companion study using pitfall traps as the sampling technique, they 
found that greater numbers of A. argentarium accumulated in pitfall 
traps in carbaryl-treated action sites than in untreated action sites. 
This suggest that, in response to carbaryl applications, A. argentarium 
fell from the upper canopy to the ground surface and were captured 
subsequently in pitfall traps. Similarly, Suttman and Barrett (1979) 
reported significant reductions in homopteran populations for 4 wk in an 
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old-field ecosystem and in a monoculture (oats) after carbaryl 
application. 
In addition, insecticide treatments had little impact on C. 
maculata and H. convergens because abundance of these two predaceous 
beetles had already begun to decline in action sites at the time of 
insecticide application (Fig. 1). Control of spring and summer ECB 
moths in action sites resulted in little disruption to the community 
ecology of the insect fauna associated with these sites. Thus, 
management of ECB adults in action sites would reduce the amount and 
area for insecticide application and could also conserve the major 
insect and spider predators associated with these sites (Whitford and 
Showers 1987, Whitford et al. 1987). 
The paucity of dominant species in the foliage of action sites 
(Table 1) can best be explained by examining the structure of the 
vegetative community that composes an action site. In any given 
habitat, the carrying capacity for insect species is determined by two 
components of vegetation: plant species diversity and structural 
complexity of the plants (Price and Waldbauer 1975). The small number 
of insect species (Table 1) in ECB adult action sites is directly 
related to the fact that action sites are very similar to nearby 
agricultural monocultures in that they are composed primarily of single 
species of grass (brome or foxtail). This lack of diversity of plant 
species and lack of plant structural complexity creates a situation with 
relatively few ecological niches available for insect establishment. 
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Very few studies have examined the role of peripheral habitat as a 
source for predator colonization of agricultural fields. Studies by Van 
Eraden (1965), Rabb et al. (1976) and Mayse and Price (1978) suggest that 
general predators need to reenter agricultural production fields on an 
annual basis. Furthermore, it has been suggested that the insect 
composition of these peripheral habitats helps to determine what species 
of predators will inhabit a particular crop ecosystem (Altieri and 
Whitcomb 1980, Altieri and Todd 1981). Altieri and Whitcomb (1979) 
indicated that C. maculata in northern Florida cornfields originated 
from peripheral sites composed of Mexican tea, Ghenopodium ambrosioides 
L. In the present study, the two main predators found on the foliage of 
ECB action sites, C. maculata and H. convergens. were abundant in late 
May and early June (Fig. 1). Early-season activity of these two 
predators coincided with peak abundance of D. anticox. A. argentarium 
and aphids. As the numbers of aphids and leafhoppers declined in action 
sites, a noticeable increase in C. maculata and H. convergens occurred 
in adjacent cornfields (author, unpublished data. Dept. of Entomology, 
Iowa State University). These same trends were noted for other 
predators by Whitcomb (unpublished data as cited in Mayse et al. 1983). 
Whitcomb observed that as Uroleucon spp. aphids began to decline in 
adjacent peripheral habitat, a noticeable increase in the predator 
species (Geocoris spp. and Nabis spp.) was noted in nearby cornfields. 
Thus, as suggested by Hodek (1967) and Hagen and van den Bosch (1968), 
coccinellid predator efficiency may be increased by preserving these 
existing refuges. These peripheral habitats could then be a major 
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source of predators for cornfields. Studies by Whitford and Showers 
(1987) and Whitford et al. (1987) indicate that ECB action sites contain 
populations of insect and spider predators that are very similar to the 
fauna associated with corn. Therefore, ECB action sites may serve as a 
focal point for predator colonization of nearby corn monocultures. 
However, further studies are needed to determine the movement of 
predators and pests between cornfields and ECB action sites before these 
types of approaches could be used in a pest management program. 
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PART 3. INSECTICIDE TOLERANCE OF GROUND AND FOLIAGE-
DWELLING SPIDERS (ARANEAE) IN EUROPEAN CORN 
BORER (LEPIDOPTERA: PYRALIDAE) ACTION SITES 
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INTRODUCTION 
A crop production system should include a diverse spider fauna 
because it is the total spider community, not just individual species, 
that contributes to biological control of many insect pests (LeSar and 
Unzicker 1978, Riechert and Lockley 1984). 
Faunistic surveys of spiders have been conducted on many field 
crops; cotton (Dean et al. 1982), alfalfa (Yeargan and Dondale 1974), 
wheat (Doane and Dondale 1979), soybean (LeSar and Unzicker 1978, Culin 
and Yeargan 1983b,c), corn (Everly 1938, Sharma and Sarup 1979) and 
sorghum (Bailey and Chada 1968). Furthermore, spiders have been shown 
to feed on various life stages of many agricultural pests [e.g., tobacco 
budworm, Heliothis virescens (F.) (McDaniel and Sterling 1979); adult 
boll weevil, Anthonomus grandis grandis Boheman (Whitcomb and Bell 
1964); a plant bug, Lygus hesperus Knight (Leigh and Hunter 1969); 
aphids (Horner 1972); and maize stalk borer, Chilo nartillus (Swinhoe) 
larvae (Sharma and Sarup 1979)]. Spiders as predators of agricultural 
pests are well documented by Nyffeler (1982). 
Recent research has focused on the impact of insecticides on 
spiders. In most studies, differences between total spiders captured in 
treated and untreated plots are used to describe the effects of 
insecticides (Barrett 1968, Shepard and Sterling 1972). Insecticide 
stress on spider community structure has rarely been examined (Culin and 
Yeargan 1983a). 
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Spiders have been observed feeding on adult and larval European 
corn borer (ECB), Ostrinia nubilalis (Hubner) (Chiang 1978; W.B.Showers, 
unpublished data, Dept. of Entomology, Iowa State University). ECB is a 
serious pest of field corn and sweet corn in the Midwest (Showers et al. 
1983). Larval damage includes leaf and ear feeding and stalk tunneling. 
ECB larvae generally are controlled with insecticides applied to the 
whole field. An alternative adult ECB control tactic, advanced by 
Showers et al. (1980), is application of carbaryl, a carbamate, to 
grassy sites in waterways and borders along cornfields. These 
vegetative sites, termed action sites (Showers et al. 1980), provide the 
suitable microclimates for adult ECB aggregation (DeRozari et al. 1977), 
mating (Showers et al. 1976) and for accumulation of free moisture for 
adult consumption (DeRozari et al. 1977). Ideal sites consist of brome 
grass (Bromus spp.) or foxtail grass (Setaria spp.), 57.5-117.5 cm tall, 
with at least 55% ground cover (Showers et al. 1976). Control of ECB 
adults in these action sites resulted in fewer ECB egg masses in nearby 
cornfields (Showers et al. 1980). 
The application of insecticides in action sites and the targeting 
of a specific life stage (adult) and activity (mating) can result in a 
reduction of insecticide use. However, peripheral sites associated with 
agricultural crops also harbor predators and parasitoids. Recoloni-
zation of agricultural fields by beneficial arthropods, especially 
spiders, is thought to originate from these peripheral sites (Altieri 
and Whitcomb 1979, Mansour et al. 1983, Plagens 1983). Therefore, the 
following study was undertaken to determine the seasonal abundance and 
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family composition of the spider fauna associated with ECB action sites 
and to determine the impact of insecticides on the stability and 
diversity of those spider populations. 
MATERIALS AND METHODS 
The study was conducted during 1983 and 1984 at the Iowa State 
University Research Farm, Ankeny. Ground- and foliage-dwelling spiders 
were sampled from 8 and 12 ECB action sites in 1983 and 1984, 
respectively. Action sites were selected on the basis of previous 
research by Showers et al. (1976, 1980), DeRozari et al. (1977) and 
Sappington and Showers (1983b). An action site was selected only if the 
composition of the vegetation was brome (spring) or foxtail (summer), it 
was adjacent to corn or soybean fields and it was > 100 m'. Each 
sampled action site contained a plot 33.5 by 15.2 m and was further 
divided into 18 subplots measuring 5.6 by 4.9 m. 
The ground-dwelling spider fauna was surveyed by using pitfall 
traps placed in ECB action sites on 26 May 1983 and 21 May 1984 and 
observed weekly for either 13 wk (1983) or 14 wk (1984). Traps were 
placed in the center of 10 of the 18 subplots in each action site. Each 
pitfall trap consisted of a funnel (13.97 cm) directed into a vial (150 
ml) and was placed in a hole (20 cm deep). A new vial with ethylene 
glycol (killing agent) was installed weekly. Each pitfall trap in an 
action site was considered to be a subsample of the whole plot. The 
contents of all 10 vials were combined for each action site and placed 
in alcohol. 
Spiders in the canopy were surveyed with a sweepnet (38 cm 
diameter). Sweep net sampling was initiated on 26 May 1983 and on 21 
May 1984 and continued for 14 wk. Each action site was subdivided into 
plots measuring 5.6 by 15.2 m, and these plots were delineated with 
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flags. Each week, the foliage in a plot (5.6 by 15.2 m) in each action 
site was sampled with a sweepnet. Twenty sweeps were taken each week in 
an action site. The contents of each sample were then frozen. 
The ground and foliage-dwelling spiders were identified to the 
family level by Whitford. Samples were sent to G.B. Edwards (Florida 
State Collection of Arthropods, Division of Plant Industry, Gainesville, 
FL) for species identification. 
Action sites were chosen randomly to receive an insecticide 
treatment. This was carbaryl (2.26 kg [AI]/ha) in 1983 and 1984, and in 
1984, the design was modified to include fenvalerate (0.1 kg [AI]/ha), a 
pyrethroid insecticide that is being tested for control of ECB adults in 
grass sites. A randomized complete-block design with four action sites 
per insecticide treatment was used in both years of the study. 
Applications of carbaryl were made on 23 June (1983) and carbaryl and 
fenvalerate on 18 June (1984) for spring adult ECB control. 
Insecticides for summer adult ECB control were applied on 28 July and 11 
August (1983) and 23 July and 7 August (1984). Timing of each 
insecticide application was based on peak ECB moth activity monitored by 
blacklight traps in action sites (Showers et al. 1980). The number of 
treatments was determined by the duration of the ECB adult flight. ECB 
adults emerging in June (spring flight) from overwintering forms have 
only a brief period of activity and require one insecticide application. 
The second flight (summer flight) in July is much longer, and two 
treatments are needed. Plots, therefore, received a total of three 
applications of carbaryl or fenvalerate applied as a foliar spray. 
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Contamination of funnels and possible repellency to the spiders was 
prevented by covering all pitfall traps with aluminum foil before 
insecticide applications. 
Data were analyzed by year and family level with analysis of 
variance. Significant means were separated by Duncan's (1955) multiple 
range test or t-test (1983). 
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RESULTS 
Ground-dwelling spiders 
A total of 1,939 and 2,954 spiders were collected in pitfall traps 
in ECB action sites during 1983 and 1984, respectively. Seasonal 
abundance of the ground-dwelling spiders is presented Fig. 1. Mean 
numbers of spiders were significantly higher during the first four 
sampling periods (2 June to 23 June 1983 and 28 May to 18 June 1984) 
than during the rest of the season (P < 0.05). Sixty-three percent of 
all ground-dwelling spiders were collected at that time. Mean weekly 
captures of Lycosidae and Thomisidae were greatest in June (Table 1). 
Populations of Lycosidae in June were 3- to 27 times greater than any 
other spider taxon. The only arachnid taxon to increase in July and 
August was the Opiliones (harvestmen). 
Eight families of spiders and the order Opiliones were identified 
from the ground strata of ECB action sites (Table 1). Lycosidae were 
the most abundant family, followed by Thomisidae, Gnaphosidae and the 
Opiliones. These four taxa represented 98% of the arachnid fauna. 
Furthermore, 71% of the ground-dwelling spider fauna was characterized 
as belonging to the hunting guild (Culin and Yeargan 1983b,c). Ground-
dwelling species identified in each family were the lycosids Pardosa 
distincta (Blackwell), Schizocosa crassipalpata Roewer, Schizocosa 
mccooki (Montgomery), and Schizocosa ocreata (Hentz); thomisids Xysticus 
ferox (Hentz), and Xysticus luctans (C. L.Koch); and gnaphosids Gnaphosa 
parvula Banks and Zelotes fratris Chamberlin. The collection of G. 
parvula is a new state record for Iowa. 
Fig. 1. Seasonal abundance of the ground-dwelling 
spider fauna associated with European corn 
borer action sites. (A) 1983, (B) 1984 
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Table 1. Average weekly number (x ± SEM) of ground-dwelling spiders and 
harvestmen captured in pitfall traps positioned in European 
corn borer action sites 
1983 
Family 
June July August Total % 
Lycosidae 163 ± 105 87 ± 25 26 ± 9 1,274 66 
Thomisidae 52 ± 45 8 ± 3 1 ± 1 298 15 
Gnaphosidae 18 ± 13 14 ± 6 9 ± 2 179 9 
Opiliones 6 ± 3 18 ± 4 15 ± 7 162 8 
Salticidae B. 1 ± 1 1 ± 1 9 <1 
Tetragnathidae 1 ± 1 6 <1 
Araneidae 1 ± 1 1 ± 1 8 <1 
Linyphiidae 2 <1 
Clubionidae 1 <1 
1984 
Family 
June July August Total % 
Lycosidae 317 ± 215 51 ±27 33 ± 19 1,957 66 
Thomisidae 33 ± 19 8 ± 4 3 ± 2 208 7 
Gnaphosidae 35 ±20 15 ± 12 10 ± 3 283 10 
Opiliones 8 ± 3 53 ± 27 41 ± 18 457 15 
Salticidae 2 ± 4 1 ± 1 14 <1 
Tetragnathidae 1 ± 1 1 ± 1 1 ± 1 13 <1 
Araneidae 1 ± 1 4 ± 6 22 <1 
Linyphiidae 0 <1 
Clubionidae 1 <1 
indicates that an average of fewer than one spider was captured 
for that particular family. 
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Foliage-dwelling spiders 
There were 531 and 693 foliage-dwelling spiders collected in 1983 
and 1984, respectively. Foliage spiders were abundant during all 
sampling periods (Fig. 2). Mean captures per week for Tetragnathidae 
were greatest in July and declined thereafter. Thomisidae were most 
abundant in June, whereas Araneidae and Salticidae were common during 
all months sampled (Table 2). 
Twelve families were identified from the brome or foxtail 
vegetation (Table 2). The orb-web guild including Tetragnathidae and 
Araneidae accounted for 67% of all foliage-dwelling spiders. The 
hunting guild Salticidae, Thomisidae and Oxyopidae also were abundant 
with these five families representing 89% of all foliage-dwelling 
spiders. The orb-web guild and the hunting guild best characterized the 
foliage-dwelling spiders. Foliage-dwelling species identified in each 
family were the tetragnathid Tetrapnatha laboriosa (Hentz), thomisid X. 
ferox (Hentz), salticids Phidippus audax (Hentz), araneids Hvpsosinga 
pygmaea (Sundevall) and Larinia famulatoria (Keys), oxyopid Oxyopes 
saltlcus Hentz, philodromids Philodromus cespitum (Walckenaer) and 
Tibellus oblongus (Walckenaer), and a clubionid Clubiona abbotii C. L. 
Koch. 
Influence of insecticides on the spider community 
The effects of carbaryl and fenvalerate on ground-dwelling spider 
densities are presented in Table 3. Three insecticide applications per 
action site did not significantly reduce any of the ground-dwelling 
Fig. 2. Seasonal abundance of the foliage-dwelling 
spider fauna associated with European corn 
borer action sites. (A) 1983, (B) 1984 
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Table 2, Average weekly number (x ± SEM) of foliage-dwelling spiders 
and harvestmen captured in sweepnet samples from European 
corn borer action sites 
Family 
1983 
June July August Total % 
Tetragnathidae 13 ± 9 18 ± 6 9 ± 6 187 35 
Araneidae 15 ± 9 14 ± 6 6 ± 6 165 31 
Salticidae 5 ± 4 6 ± 3 2 ± 2 63 12 
Thomisidae 4 ± 4 1 + 1 1 ± 1 32 6 
Oxyopidae 1 ± 1 8 2 
Opiliones 2 ± 3 4 ± 2 3 ± 3 38 7 
Linyphiidae 3 ± 3 1 + 2 1 ± 1 26 5 
Gnaphosidae a 1 <1 
Theridiidae — — 1 <1 
Lycosidae 
Clubionidae 
Philodromidae 2 ± 1 10 2 
Unidentified 0 0 
1984 
Family 
June July August Total % 
Tetragnathidae 12 ± 12 32 ± 23 11 ± 8 295 43 
Araneidae 8 ± 7 14 ± 14 18 ± 5 179 26 
Salticidae 5 ± 4 3 ± 2 5 ± 2 60 9 
Thomisidae 9 ± 6 3 ± 2 3 + 3 75 11 
Oxyopidae 6 ± 5 26 4 
Opiliones 1 ± 1 4 <1 
Linyphiidae 2 ± 3 2 ± 1 3 ± 3 26 4 
Gnaphosidae 1 <1 
Theridiidae — 
Lycosidae 2 <1 
Clubionidae 1 ± 1 1 ± 1 1 ± 1 10 1 
Philodromidae 1 ± 1 1 ± 1 11 1 
Unidentified 1 ± 1 1 ± 1 4 <1 
indicates that an average of fewer than one spider was captured 
for that particular month. 
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Table 3. Average number per action site of Lycosidae, Thomisidae and 
Gnaphosidae collected in pitfall traps in treated and 
untreated European corn borer action sites 
Sampling Days post- Treatment Lycosidae Thomisidae Gnaphosidae 
period treatment 
1983 
2-23 June Untreated 23, ,4a 9, ,1a 3, ,2a 
Carbaryl 26 . 6a 6, .6a 2 .2a 
30 June 7 Untreated 3, .Oa 2, 0a 0 ,3a 
Carbaryl 1 . 5a 1, ,Oa 0, .Oa 
7 June 14 Untreated 14, ,0a 1, ,2a 3. ,2a 
Carbaryl 9, .5a 0, ,7a 2. ,5a 
14 July 21 Untreated 15, ,7a 1, ,2a 2, ,2a 
Carbaryl 12 . Oa 1 ,7a 1, .Oa 
24 July 28 Untreated 12, ,2a 0. ,7a 0, ,7a 
Carbaryl 11, ,2a 1, ,Oa 2. ,2a 
28 July - Untreated 4, .8a 0. ,2a 1. , la 
25 August Carbaryl 3, .Oa 0, ,2a 1, ,Oa 
Column means followed by the same letter for each sampling period 
are not significantly different (P > 0.05; Duncan's multiple range 
test). 
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Table 3. (Continued) 
Sampling Days post- Treatment Lycosidae Thomisidae Gnaphosidae 
period treatment 
1984 
28 May - Untreated 34. ,2a 4. ,5a 3, .4a 
18 June Carbaryl 31. ,Oa 3. ,1a 2 . 6a 
Fenvalerate 30. ,3a 1. ,9a 3, ,7a 
25 June 7 Untreated 4. ,7a 0. ,2a 2. • Oa 
Carbaryl 4, ,0a 1, ,0a 1. ,7a 
Fenvalerate 5. .5a 0. ,7a 1, .5a 
2 July 14 Untreated 2. ,7a 1. , Oa 1. ,Oa 
Carbaryl 2. ,7a 0. ,2a 0 ,7a 
Fenvalerate 1. ,5a 0. ,5a 0. ,7a 
9 July 21 Untreated 7. ,7a 1. ,0a 4, ,2a 
Carbaryl 5, ,7a 1. Oa 2. ,0a 
Fenvalerate 5. ,Oa 1. ,Oa 1, .5a 
16 July 28 Untreated 6. ,5a 0. ,7a 1, .5a 
Carbaryl 7. ,7a 0, ,0a 0 .7a 
Fenvalerate 4. ,7a 0. ,5a 1. 2a 
23 July - Untreated 3, .5a 0. ,2a 1 .4a 
28 August Carbaryl 2. ,2a 0. 2a 0. .6a 
Fenvalerate 2. ,3a 0, ,2a 0. .6a 
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spider population (P > 0.05). Data were combined for sampling periods 
9-13 in 1983 (28 July to 25 August) and 9-14 in 1984 (23 July to 28 
August) because of low spider densities and because treatment of action 
sites for ECB adult control had little effect on spider abundance. 
The effects of carbaryl and fenvalerate on the foliage-dwelling 
spider community are given in Table 4. During 1983, carbaryl had no 
significant impact on the spider fauna (P > 0.05). In 1984, however, 
there were significant reductions of Tetragnathidae populations in 
carbaryl-treated action sites at 14 and 21 d after treatment and in 
fenvalerate-treated action sites at 7, 14, and 21 d. Three insecticide 
treatments did not affect any of the other foliage-dwelling spiders. 
65 
Table 4. Average number of Tetragnathidae, Salticidae and Araneidae 
collected from the foliage of treated and untreated 
European corn borer action sites 
Sampling Days post- Treatmenl^ Tetra- Salticidae Araneidae 
period treatment gnathidae 
1983 
26 May - Untreated 1. ,0a 1, ,0a 0, ,9a 
16 June Carbaryl 1, ,Oa 0, ,6a 1, ,5a 
23 June Untreated 3, ,0a 0, ,0a 4, ,8a 
Carbaryl 3, 2a 0, ,7a 1, .2a 
30 June 7 Untreated 2, ,7a 1, ,2a 3. ,2a 
Carbaryl 2. ,5a 1. ,7a 3, 2a 
7 July 14 Untreated 2, ,5a 0 ,5a 0. ,2a 
Carbaryl 2. ,0a 1, ,7a 3, ,Oa 
14 July 21 Untreated 2, ,0a 0 ,2a 3. ,5a 
Carbaryl 2, ,5a 0, ,5a 1, ,5a 
21 July 28 Untreated 3, ,7a 0, ,7a 0, ,5a 
Carbaryl 2. ,7a 0. 2a 0. ,7a 
28 June - Untreated 1, ,4a 0, ,4a 1, .Oa 
25 August Carbaryl 1, ,6a 0. ,4a 0, .8a 
Column means followed by the same letter for each sampling period 
are not significantly different (P > 0.05; Duncan's multiple range 
test). 
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Table 4. (Continued) 
Sampling Days post- Treatment Tetra- Salticidae Araneidae 
period treatment gnathidae 
1984 
21 May - Untreated 0. 6a 0 .2a 0 .4a 
11 June Carbaryl 0.4a 0 .la 0 . 6a 
Fenvalerate 0.4a 0 .2a 0 . 3a 
18 June Untreated 2.2a 0, .7a 2 .2a 
Carbaryl 1.7a 0 . 5a 0 .2a 
Fenvalerate 0.7a 0 .2a 0 . 3a 
25 June 7 Untreated 3.0a 1, .5a 0 .Oa 
Carbaryl 3.0a 1. 2a 0 .2a 
Fenvalerate 2.0b 0 .2a 0 . Oa 
2 July 14 Untreated 2.5a 0. .Oa 1. ,5a 
Carbaryl 0.5b 0, ,0a 3 ,5a 
Fenvalerate 0.2b 0. ,2a 2, 2a 
9 July 21 Untreated 6.0a 0, ,5a 0, ,2a 
Carbaryl 1.5b 0, ,5a 0. ,2a 
Fenvalerate 3.2b 0 , 5a 0. ,0a 
16 July 28 Untreated 0.5a 0. ,0a 1. ,2a 
Carbaryl 1.0a 0, ,2a 3, ,0a 
Fenvalerate 1. 5a 0, ,2a 1, ,7a 
23 July - Untreated 3.1a 0. ,5a 1, ,4a 
21 August Carbaryl 2.6a 0, ,3a 1, .6a 
Fenvalerate 2.4a 0. ,2a 1, ,9a 
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DISCUSSION 
A better understanding of adult ECB biology and ecology has 
resulted from studies on local movement and dispersion (Sappington and 
Showers 1983a), habitat preference (Caffrey and Worthley 1927, Showers 
et al. 1976), environmental parameters of microhabitats utilized 
(DeRozari et al. 1977) and abiotic mortality factors (Sappington and 
Showers 1983b). These studies demonstrate a close relationship of ECB 
adults with action sites (border and conservation lane vegetation 
consisting of brome or foxtail). 
Growers presently rely on prophylactic insecticide treatments to 
reduce ECB larval damage to corn. However, these treatments are 
effective only when insecticides are applied during egg hatch. Showers 
et al. (1980) proposed a management scheme that emphasized adult 
control. They showed that applications of carbaryl to the grass sites 
used by adult ECB for aggregation and mating resulted in a significant 
reduction of egg masses in the cornfield. 
The spider community that inhabits ECB action sites was composed 
primarily of seven abundant spider families, three ground-dwellers 
(Lycosidae, Thomisidae and Gnaphosidae) and five foliage-dwellers 
(Tetragnathidae, Araneidae, Salticidae, Thomisidae and Oxyopidae). Many 
of these families have also been reported from corn (Everly 1938), 
sorghum (Bailey and Chada 1968), rice (Heiss and Meisch 1985), soybeans 
(LeSar and Unzicker 1978), cotton (Whitcomb and Bell 1964) and alfalfa 
(Culin and Yeargan 1983b,c). 
68 
Border vegetation is an important habitat for spider population 
buildup and dispersal into corn (Altieri and Whitcomb 1980), cotton 
(Whitcorab and Bell 1964, Plagens 1983) and soybeans (LeSar and Unzicker 
1978). Additionally, these peripheral sites provide a refuge to spiders 
as they disperse from senescent cornfields into adjacent vegetation 
(Altieri and Whitcomb 1979). Spiders and ECB adults appear highly 
dependent on the border vegetation for survival. 
Adult ECB control in action sites evidently had little impact on 
spider abundance. The lack of insecticidal impact on ground spider 
abundance can best be attributed to both spatial and temporal factors. 
Temporally, the ground-dwelling spiders were present in greater numbers 
before insecticide was applied to the foliage of ECB action sites (Fig. 
1). By occupying the lower strata of the canopy of ECB action sites, it 
is probable that the ground-dwelling spiders were also spatially 
isolated from any adverse effects of the insecticides. Many studies 
have concluded that "total spiders" are less affected by carbamates 
(e.g., carbaryl or carbofuran) (Laster and Brazzel 1968, Shepard and 
Sterling 1972, Heiss and Meisch 1985) and pyrethroids (e.g., 
fenvalerate) (Price et al. 1980, Flynn and Reagan 1984) than by other 
insecticides. Thus, carbaryl and fenvalerate seem to be less damaging 
to populations of spiders than to pest species. 
The effects of insecticides on individual species or families may 
differ radically from the effects on total numbers of spiders. Members 
of the family Tetragnathidae were significantly reduced in the treated 
action sites (Table 4), yet no effects on total spiders were noted. It 
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may be that tetragnathids are more susceptible to carbamates (Gulin and 
Yeargan 1983a, Heiss and Meisch 1985) than are most other spiders. 
These results indicate that, in general, the spider fauna was not 
affected by treatments applied to control ECB adults in action sites. 
The results further indicate that the effect of an insecticide can 
impact on a particular spider family that is not evident when "total 
spiders" are examined (e.g., Tetragnathidae). Therefore, further 
studies on the effects of insecticides on spider distribution, abundance 
and composition should be evaluated at levels below total numbers of 
spiders (i.e., species, family or guild level) because different species 
in the same family can belong to different guilds. 
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SUMMARY 
The outside borders and conservation lanes often associated with 
cornfields in Iowa are crucial to the lifecycle of the European corn 
borer adult. Brome and foxtail grasses found growing in these 
peripheral sites (termed action sites) provide a microclimate ideally 
suited for adult aggregation and mating. Action sites, however, also 
harbor an assemblage of beneficial arthropod predators such as 
Coleomegilla maculata, Pterostichus spp., Evarthrus spp. and Harpalus 
spp. Recolonization of agricultural fields by beneficial arthropods in 
early spring is thought to originate from these sites. Thus, an 
especially important question concerns the stability and diversity of 
these nontarget arthropods when insecticides are applied for European 
corn borer adult control. 
European corn borer action sites in Iowa are very similar to 
agricultural crops in that they are essentially monocultures (brome or 
foxtail grasses). The lack of plant diversity and plant structural 
complexity creates few ecological niches for insect and spider 
establishment; therefore, explaining the low number of species 
identified from action sites. Thirteen insect genera were found to 
contain 79% (1983) and 90% (1984) of the total ground-dwelling insect 
fauna identified. 
Eight families of spiders and the order Opiliones were identified 
from the ground strata. Four taxa (Lycosidae, Thomisidae, Gnaphosidae 
and Opiliones) represented 98% of the ground-dwelling arachnid fauna. 
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Twelve families of spiders were identified from the brome or foxtail 
vegetation. The orb-web guild including Tetragnathidae and Araneidae 
accounted for 67% of all foliage-dwelling spiders. 
Insecticides applied to the environment of action sites produced 
little disruption to the ground-dwelling arthropod fauna. Densities of 
the insect and spider fauna were not negatively impacted when carbaryl 
or fenvalerate were applied to the foliage of action sites. Insecticide 
impact was minimal because the ground-dwelling fauna inhabits the lower 
strata and is spatially isolated from insecticide applications primarily 
directed to European corn borer adults in the upper foliage canopy. 
Conversely, insecticides applied for spring- and summer-generation 
adult control were found to adversely affect some members of the 
foliage-dwelling arthropod community. Densities of Athysanus 
arpentarium and Tetragnathidae were significantly reduced in treated 
action sites. However, as a whole, arthropod populations occupying the 
upper canopy strata were generally not affected by the insecticides. 
Control of European corn borer adults exemplifies the true concept 
of integrated pest management. Application of insecticides directed 
toward action sites results in greater efficacy of insecticides and 
reduces environmental impact. Thus, action site-directed control of 
adults has the potential of removing a key pest from the corn 
agroecosystem while simultaneously conserving natural enemies and 
predators. 
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